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Abstract
At the beginning, applications of thermal imaging in dentistry were focused mostly on the assessment of thermal effects 
during filling cavities, laser treatment and inflammation of periodontal tissues. The biggest problem in thermal imaging was 
limiting access and rapid change of humidity when the mouth opens during measurements. However, nowadays thermal map 
of body surface is correlated with inflammatory state changing inner mouth. The aim of this study was to assess the suit-
ability of thermal imaging to localize the inflammation and monitor treatment effects after surgical removal of third retained 
molar teeth. The cohort consisted of 27 patients with referral for the surgical extraction of the third retained molar. Thermal 
imaging of the sagittal face was performed before and after the procedure and on the first, fourth and seventh day after the 
extraction. Obtained thermal maps are correlated with the third molar teeth inflammation location. Moreover, the changes 
of temperature in the area of both the tooth and the cheek correspond to the mechanisms of wound healing described in the 
literature. Obtained results were not only qualitative but also quantitative what was confirmed by statistically significant 
difference. It seems that thermal imaging, which is a noninvasive method, can be used to monitor treatment processes after 
surgical procedures, as well as on the location of inflammation.
Keywords Thermography · Dentistry · Retained teeth · Infrared radiation
Introduction
Infrared thermography is a field of science based on the 
detection of infrared radiation from an object at temperature 
above absolute zero. The energy recorded by a detector is 
processed to create a pixel map in which temperature values 
are defined using a color scale [1, 2]. Thermography has a 
wide range of applications, and it is used by the industry, the 
power and construction sectors, as well as medicine. Medi-
cal applications are based on the use of thermography in 
oncology, allergology, dermatology, physiotherapy, sports 
medicine, or even dentistry [2–6].
The connection between the body temperature and tis-
sue metabolism allows thermal imaging to be used to assess 
disease processes, injuries and inflammatory processes. It 
also allows to follow-up and monitoring the therapeutic pro-
cedures [7, 8].
The first attempts to use thermal imaging in dentistry 
took place as late as at the end of the twentieth century. In 
dentistry, the location of the monitored area is rather spe-
cific; therefore, limitations resulting from accessibility or 
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sudden changes in moisture levels should be considered dur-
ing in vivo measurements. To date, measurements mainly 
concern the evaluation of thermal effects during the filling 
of lesions with light-cured materials (in vivo and in vitro), 
evaluation of dentistry laser procedures, diagnostics of peri-
odontal inflammatory processes, or diseases of the temporo-
mandibular joint [8–10].
Currently, thermography is increasingly often used not 
only to evaluate changes in the temperature inside the oral 
cavity, but attempts are primarily made to correlate the soft 
tissue temperatures on the body surface with the condition 
of tissues inside the oral cavity, to predict the results of the 
procedures performed.
Therefore, the aim of this study was to evaluate the effects 
of surgical extraction of impacted third molars. The cur-
rent popularity of procedures of this type creates a question 
whether thermography, as a noninvasive imaging technique 
which is relatively simple to use, can be useful in the evalu-
ation of an inflammation area created by the retention of 
impacted third molars. The study also focuses on the evalu-
ation of changes in tissue metabolism related to the healing 
of a wound after a surgical procedure.
Temperature of a living body 
and the thermoregulation mechanism
Living processes occurring in the body are strictly connected 
to thermal homeostasis. Thermal balance is responsible for 
the normal functioning of skeletal muscles, the heart and 
the nervous system [11]. There is a general opinion that 
an optimum body core temperature is 37.0 ± 1.0 °C; how-
ever, publications focusing on this subject specify values 
of 36.8 ± 0.5 °C [12–14]. It is known that in conditions of 
thermodynamic equilibrium the body core temperature is 
maintained at a constant level; however, disruptions in the 
form of stress, physical effort, or disease may lead to its 
fluctuations [15].
In turn, body surface tissues, such as the most external 
tissue—the skin, are greatly susceptible to changes in the 
ambient temperature, and it is stated that in normal condi-
tions the average temperature of the skin ranges from 32 to 
35 °C [13]. As thermal homeostasis is a precondition for 
the functioning of a living organism, maintaining its sus-
tainable balance requires the production of thermal energy 
(thermogenesis) on the one hand, and removal of excess heat 
(thermolysis) on the other [11]. Heat loss is achieved by 
radiation, convection, sweat evaporation, as well as through 
the respiratory and excretory systems, while thermogenesis 
depends on metabolism, the work of skeletal muscles and the 
gastrointestinal function [16]. All processes are controlled 
through the hypothalamic center in the brain, controlling 
fluctuations in the skin and internal organ temperatures via 
a network of thermal receptors. The temperature is stabilized 
by the initiation of relevant thermoregulation processes. 
Thermal receptors then switch to a thermometric state, and 
the body does not feel either cold or heat. Skin receptors 
reach their resting activity in the range from 33 to 34 °C, 
while the neutral point in the hypothalamus is reached at a 
value of 37 °C [11, 17].
Metabolic processes are considered to be the main source 
of thermal energy in the body, and according to the literature 
data, nearly 60% of total energy is used to generate heat 
[11, 13]. Due to such considerable production of thermal 
energy, excess heat must be removed to protect the body 
against overheating. In normal conditions at rest, energy 
is lost through radiation—about 54–60%, convection and 
conductivity—25%, sweat evaporation—7% and breath-
ing—14% [13]. Metabolism is a factor necessary to sus-
tain life; however, it closely depends on the physiology of 
the human body and its condition. Factors such as illness, 
pregnancy or physical activity have a significant impact on 
metabolism levels, when compared to a rested body in nor-
mal conditions.
It should be noted that the development of a disorder in 
the form of local inflammation also results in a local increase 
in metabolism [11, 13, 18].
Impacted teeth in dental surgery
Dental surgery is a separate specialization involving areas 
of the oral cavity, maxillary bones and surrounding tissues. 
Specialist procedures in this field include surgical extrac-
tion of milk, permanent and impacted teeth, implant surgery, 
plastic surgery of the alveolar process, or apical resection 
[19, 20].
An retained tooth is defined as a fully developed tooth 
that has failed to erupt physiologically and remained, fully 
or partially, retained in jaw or mandible bones. Factors 
influencing the development of an impacted tooth include 
cysts, injuries, bone infections, neoplastic lesions, hormone 
imbalance, or development disorders. Impacted teeth fre-
quently do not cause any pain and are diagnosed due to the 
failure of the tooth to erupt with a simultaneous protrusion 
of the alveolar process. A doctor diagnoses this condition 
using radiography, taking intraoral periapical and bite-wing 
X-rays. [19–21].
In the retained tooth extraction procedure, the difficulty 
is related to the tooth location and place (upper or lower 
jaw). In general, the procedure starts with anesthesia, and 
then an incision is made in mucosa and periosteum, followed 
by the detachment of a mucoperiosteal flap with a scraper. 
In the next step, which aims to reveal the tooth crown and 
root, the bone is removed in layers with a drill, and then the 
tooth is extracted (either as a whole or in fragments). The 
procedure ends with the placing of the knotted suture for the 
next 8–10 days [19, 20, 22].
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The procedure is followed by a wound healing process. 
It is a complex process, in which the alveolar crest is com-
pletely rebuilt only 10 weeks after the procedure. Immedi-
ately after the procedure, the wound fills with blood, and 
a thrombus is formed. Substances present in the thrombus 
should stimulate the functioning of mesenchymal cells, 
which cause an increase in the activity of inflammatory cells. 
The phagocytosis is initiated, and the bacteria or dead tissues 
are removed. The remaining fragments are differentiated into 
various cells, including fibroblasts or osteoblasts, which are 
aimed at fibers formation in the extracellular matrix [23–25]. 
Next, new blood vessels are formed, and the resorption of 
the bone is initiated caused by the osteoclasts appearance. 
This lead to the formation of a new bone. On day 4 or 5 after 
the extraction, epithelial cells start to proliferate. On day 7, 
the granulation tissue develops, which is an accumulation of 
fibroblasts and myofibroblasts [25].
The real wound healing process starts with the forma-
tion of osteoid, beginning in the periapical area up to the 
edge of the hollow. The transformation of osteoblasts into 
osteocytes results in the formation of bone trabeculae, and 
the mineralization process occurs in the formed osteoid. At 
the next stage of the repair process, osteon is formed, and 
a bone plate develops. After about 2 weeks from the proce-
dure, a fibrous bone is formed in the extraction area, which is 
transformed into woven, and then into lamellar bone. In the 
8 week, the woven bone is resorbed, and then the new bone 
is created, finally transformed into compact bone [23–26].
The extraction of the retained third molar described 
above, together with associated wound healing processes 
may cause pain and be a source of inflammation. Thus, they 
may be associated with a local increase in metabolism lead-
ing to local changes in the temperature [8, 27, 28].
The inflammation developed in this way, as well as its 
extent and dynamics, can be monitored and evaluated by 
thermal imaging. By using a study protocol developed for 
medical applications of the thermography, and knowing 
physical parameters of the environment and of the examined 
tissues (moisture content, emission index), an initial para-
metric evaluation of metabolic changes and their dynamics 
is possible.
Materials and methods
Twenty-seven patients, age 27–40, participated in the 
study. The patients were referred for surgical excision of 
the impacted third molar. Each time, on the procedure day 
and during follow-up visits (days 1, 4 and 7 after the proce-
dure), a survey verifying guidelines qualifying patients for 
thermographic examination was conducted, which included 
information concerning the use of stimulants (alcohol, 
cigarettes), performance of physical exercises, exposure 
to sunlight or UV radiation, or use of analgesics and other 
medicines. The examinations were performed at a health and 
dental clinic, ComfortDent, in Katowice, in a room meeting 
standards for the performance of thermographic examina-
tions. The temperature and the moisture content in the test 
room were monitored and maintained at a constant level of 
19 ± 1 °C and 43 ± 5%, respectively.
Thermal imaging was performed on the day of the pro-
cedure, i.e., before and after excision of the impacted third 
molar, and on Day 1, 4 and 7 after the procedure. Thermal 
imaging was performed once the patient had acclimatized to 
ambient temperature, which took 20 ± 5 min.
Imaging was performed with a thermal camera, FLIR 
Systems E60, equipped with a microbolometric detector 
being an FPA matrix detector of 320 × 240 pixels. The sensi-
tivity of the camera used is 0.05 K. The camera was installed 
on a tripod placed 0.9 ± 0.1 m from a patient. The imaging 
covered the sagittal plane of the face on the side of the pro-
cedure, as well as the control (healthy) side.
The thermograms were analyzed in the ThermaCAM 
Researcher Pro 2.10 application, during which selected 
areas affected by the disease were marked, i.e., the buccal 
area AR01, and the third molar area, AR02 (Fig. 1). The 
temperature values obtained were analyzed with Microsoft 
Excel 2018 and Statistica Soft 12 applications.
The mean temperature for chosen regions of interest 
(ROI) was always calculated as an average of all pixels in 
marked area.
The relationship between mean temperature values 
between measurements was analyzed with a nonparametric 
equivalent of the Student’s t test for related samples, i.e., 
the Wilcoxon’s test. To determine statistically significant 
differences, a p parameter value lower than or equal to 0.05 
was assumed. In this analysis, a comparative model for 
adjacent measurements was assumed, i.e., Ti versus T(i+1) 
and Ti versus T(i+2); furthermore, measurements on day 7 
after the procedure were compared against measurements 
before and after the procedure, i.e., TDay 7 versus Tbefore and 
TDay 7 versus Tafter. Table 1 shows results where the p value 
was below 0.05 for the buccal area and for the area of the 
extracted tooth.
Results and analysis
Figure 1 shows thermal images for a representative patient 
who underwent surgical extraction of the upper third molar, 
before, immediately after, and on Day 1 and Day 7 after the 
procedure. Additionally, Fig. 1 presents ROI’s used in the 
analysis, AR01—buccal area, AR02—tooth area.
Changes in the buccal surface temperature in response 
to the surgical intervention are clearly visible with a visual 
examination. Furthermore, it can be seen that before the 
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procedure, the area of the impacted third molar is charac-
terized by higher temperature, and this may imply inflam-
mation in this area.
Figure 2 shows a change in the mean temperature of the 
tooth area surface in time (a) and dynamics of changes in 
the temperature difference, dT(tooth-cheek) =  Ttooth − Tcheek (b).
When analyzing data in Fig. 2, it can be seen that before 
the procedure, the area of the third molar has higher tem-
peratures than the buccal area. Retained teeth are frequently 
associated with inflammatory states, infections and pain, 
which may contribute to an increase in the temperature in 
this area. After the procedure, the difference between mean 
temperatures of these two areas decreases. This may be an 
effect of steps taken to remove the impacted tooth, as well 
as medicines and anesthetic used. From day 1 to day 4 after 
the procedure, an increase in the temperature values is seen 
in the tooth area, versus the buccal area, and this is possibly 
caused by the initiation of repair processes and an increase in 
the metabolism of tissues subjected to surgical intervention. 
It should also be emphasized that immediately after tooth 
extraction, the alveolus is filled with blood and a thrombus 
is formed, and this also influences an increase in the tem-
perature in this area.
An analysis of changes in the temperature in the impacted 
tooth area shown in Fig. 2a clearly indicates that between 
day 1 and day 4 the temperature showed a tendency to 
decrease. The temperature drops from 34.4 to 32.9 °C. This 
mean temperature change by 1.5 °C may be caused by the 
initiation of repair processes in the tissue. However, on day 
7 after the procedure, an increase in temperature can be seen 
versus day 4 from 32.4 to 33.0 °C, however, without sig-
nificant level of p factor. By correlating temperature values 
with the literature data, it seems that this increase was pos-
sibly caused by the formation of granulation tissue within 
the extraction site, which is distinguished by a significant 
number of vascular structures supplying that area with nutri-
ents and oxygen [23, 24, 26, 29].
In accordance with the results of the comparative analysis 
presented in Table 1, it can be clearly seen that the signifi-
cant changes appear in fourth and seventh day after the pro-
cedure relative to temperature after surgery. Processes occur-
ring in the body after surgical intervention are protracted 
Control side Before procedure
1 day after 7 day after
After procedure
23.6 °C
35.9 °C
Fig. 1  Thermal images showing changes in the temperature on the buccal surface on the side of the performed procedure: before, immediately 
after, and on Day 1 and Day 7 after the procedure, and a thermogram of the control side, where AR01—buccal area, AR02—tooth area
Table 1  Statistically significant results of a comparative analysis for 
mean temperatures of the buccal area and the third molar performed 
with the Wilcoxon test, where dT is the mean difference of tempera-
ture and p value—the value of probability
Differences with a p factor less than 0.05 were recognized as signifi-
cant
Pair of variables Tooth area Buccal area
dT p value dT p value
Tafter/°C–TDay 4/°C 2.8 0.005 2.8 0.005
TDay 7/°C–Tbefore/°C 2.5 0.012 2.4 0.015
TDay 7/°C–Tafter/°C 2.1 0.038 2.3 0.024
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and not as dynamic as it was expected. The occurrence of 
a statistically significant change in the temperature only 
after 4 days after the procedure reflects a gradual recovery 
of the body. Based on the literature data, between fourth 
and fifth day the proliferation of epithelial cells begins in 
soft tissues. Before that the phagocytosis is initiated and 
the neoangiogenesis starts, so the network of blood vessels 
grows. Then, bone resorption occurs as a result of osteoclast 
and a new bone is created [25]. It seems that the decreas-
ing of tooth area temperature from value 34.4 °C at day 
first to 32.4 °C at day fourth may be related to the end of 
phagocytosis process. In terms of homoeostasis restoration, 
the fact of obtaining statistically significant differences for 
comparison of the temperature on Day 7 after the proce-
dure versus the temperatures before and after the procedure 
appears to be significant. The p factor value is higher than 
for comparison between Tafter and TDay 4; however, it is also 
less than 0.05. On the seventh day, granulation tissue with a 
significant number of vascular structures is formed, which is 
an accumulation of fibroblasts and myofibroblasts [25]. The 
presence of vascular structures and fibroblasts may increase 
the local metabolism and consequently lead to a temperature 
increase of 0.6 °C between fourth and seventh day after the 
procedure. Differences demonstrated in this case show that 
the healing process progresses in time, and the measure-
ments performed with a thermal camera indirectly reflect 
changes in tissue metabolism [28].
Additionally, for a comparative analysis of measurements 
before and after the procedure in the impacted tooth area, 
the Student’s t test for related samples was performed, and 
its results are shown in Fig. 3.
When analyzing data included in Fig.  3, it can be 
noticed that the mean temperature increased after the 
extraction of the impacted third molar. This, possibly, is 
a result of intervention in this area, as well as the previ-
ously mentioned filling of the alveolus with blood and the 
formation of a thrombus, which contains numerous sub-
stances responsible for the cleaning of the post-extraction 
wound [20, 23, 24, 28]. The performed Student’s t test for 
related samples shows a statistically significant difference, 
and this was an expected result proving that the thermal 
analysis of the third molar area is a useful tool during the 
surgical extraction procedure.
It is worth noting that the imaging was performed for the 
external face surface, i.e., for the skin. This way, a problem 
with accessing third molars, as well as a problem of dynamic 
changes in moisture levels in the oral cavity, disrupting the 
results, was eliminated. Verifying this study in terms of the 
skin imaging, obtaining results already visually reflecting 
dynamics in temperature changes (results shown in Fig. 1), 
as well as statistically significant results (results shown in 
Table 1 and Fig. 3) would indicate the inflammation intensity 
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Fig. 2  Time dependence of changes in the mean temperature: a changes in the average tooth surface temperature; and b changes in temperature 
difference, dT(tooth–cheek)
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Fig. 3  Comparative analysis of mean temperature values before and 
after the procedure for the impacted tooth area versus a value of sta-
tistical significance for the performed Student’s t test. Statistically 
significant results for p < 0.05
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for impacted teeth, and a scale of repair mechanisms occur-
ring in the body after the procedure.
Conclusions
On the basis of the results presented above, a hypothesis can 
be proposed that thermal imaging is a useful tool not only for 
the evaluation of surgical procedures, but also for the locali-
zation of inflammatory processes in periodontal tissues.
Thermal imaging can be used to diagnose pathological 
conditions caused by tooth retention because the thermal 
map of the examined surface shows areas of increased 
metabolism in the form of higher temperature. The presented 
analysis of temperature distribution dynamics indicates a 
correlation between changes in the temperature and repair 
processes occurring in the body.
Changes in the thermal map resulting from dynamics 
of the occurring processes, as well as their extent, can be 
monitored and evaluated using thermal imaging, and an ini-
tial parametric evaluation of metabolic changes, and their 
dynamics is possible using a research protocol developed for 
medical applications of thermography, and knowing physi-
cal parameters of the environment and the examined tissues 
(moisture content, emission index).
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